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The demands for skin tissue inclinical treatment to the patients with large area 
skin injuries or disease always were large, but the supply of the skin was limited. The 
technique of skin tissue engineering has been a suitable method to provide skin 
equivalents to solve the problem of skin inadequate.Tissue engineering utilizes the 
principles and methods of life science and engineering science, to research and 
develop the new clinic substitute for human skin. 
According to tissue engineering’s principles and methods, we isolated fibroblasts 
and keratinocytes from SD rat skin and fabricated arginine-collagen-chitosan 
scaffolds. The fibroblasts were transplanted into the sponge scaffolds to construct the 
tissue engineered dermal substitutes in vitro, and then the keratinocytes were 
transplanted onto dermal substitutes to construct the bilayered artificial skin .The 
main results of the research were as follows：  
1. Fibroblasts and keratinocytes were successfully isolated from SD rat’s skin with 
Dispase II-Trypsin digestion. The fibroblasts and keratinocytes were suitable for 
tissue engineering skin construction research as their strong proliferation ability and 
stable biological characteristics. 
2. We extracted collgen from bovine tendon by Pepsin and acetic acid, with infrared 
(IR) method showing that the collgen extracted were mainly type I collagen.The 
arginine-collagen-chitosan and the collagen-chitosan scaffolds were fabricated with 
arginine, type I collagen and chitosan by freeze-drying and then cross-linked with 1 
- (3 - dimethylamino-propyl) -3 - ethyl carbodiimide hydrochloride (EDC.HCl) 
/N-hydroxysuccinimide (NHS). The SEM showed that the scaffolds had 
interconnected pore structure, average pore size between 100 μm-200 μm, 
porosity>90 %, and water absorption>4000 %, which was enough for tissue 
scaffolds. The scaffolds were immersed in simulated body fluid, of which the pH 
were stable at between 7.3-7.45, and were consistent with the human internal 














The tensile strength of arginine - collagen - chitosan scaffolds was higher than 
collagen - chitosan scaffolds, showing that the addition of arginine increasing the 
mechanical strength of scaffolds. MTT results showed that the extracts of arginine - 
collagen - chitosan scaffolds were more effective in promoting cell proliferation 
than the extracts of collagen - chitosan scaffolds. Overall, arginine - collagen - 
chitosan scaffolds were more suitable for skin tissue engineering scaffolds.  
4. We transplanted the fibroblasts into the arginine-collagen-chitosan scaffolds and 
studied the cells’ proliferation and biological activity. The results of SEM, DAPI 
staining, HE staining and Flow cytometry, indicated that fibroblasts had good 
adhesion and proliferation in the arginine-collagen-chitosan scaffolds.We 
successfully constructed the dermal substitute in vitro with functionally vitality. 
5. Based on the dermal substitute, we seeded the keratinocytes onto the dermal 
substitutes and constructed the the bilayered artificial skin by co-culture.The HE 
staining showed that the ketatinocytes grew and proliferated well, and became 
confluence with some fibroblasts among them after three days of co-culture.  
The living artificial skin substitute we constructed had not only good properties 
of physics and chemistry but also good biocompatibility. It can be used as an artificial 
skin substitute for the repair of the skin defect. 
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1.1.1 组织工程的定义  






































Fig.1.1 The structure of human skin 
1.2.1.1 表皮 























































1975 年，美国 Rheinwald 和 Green 等首次报告体外培养人表皮角质细胞获得






















图 1.2 皮肤组织工程种子细胞 
(a) 角质细胞；(b) 成纤维细胞 
Fig.1.2 Seed cells of skin tissue engineering 























































复序列，其中 x 常为脯氨酸，y 常为羟脯氨酸或羟赖氨酸。原胶原是由三条 α-
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